To study the effect of electron donating or repelling group substitution in the phenyl ring on the 7( 
which has further stimulated interest in their chemistry [3 -5] ,
The nuclear quadrupole resonance (NQR) spectrum of a particular compound depends strongly on the chemical bonding of the atom in that compound [6 -16] . The direct application of NQR studies is to provide evidences relating to the nature of the chemical bonding in the molecules or crystals. It finds numerous applications in the field of solid state chemft für Naturforschung, Tübingen • www.znaturforsch.com Table 1 . Elemental analysis of the N-(substitutedphenyl)-2,2-dichloroacetamides studied, X^QHs-yNHCOCHC^ (where X = H, CH 3 , or CI and y = 1, 2, or 3). istry and physics, biopolymers, crystal studies, medical, pharmacological chemistry and in the field of materials science. Thus NQR plays an important role in solving chemical and physical problems in industrial and academic research. A great deal of work on the spectroscopic aspects of a variety of compounds needs to be done for correlating frequencies of these compounds with their chemical bond parameters.
Pies et al. [9] have studied the 35 CI NQR spectra of a number of N-(chlorophenyl)-2,2-dichloroacetamides. But there are no reports on the effects of electron donating or repelling group substitutions in the phenyl ring on the 35 CI NQR Cl(c<;) frequencies of the dichloroacetyl group, as chlorine is electron withdrawing. We have recently reported the effects of electron donating or repelling group substitutions in the phenyl ring on the 35 CI NQR Cl(u;) frequencies of the 2-chloroacetyl [16] and 2,2,2-trichloroacetyl groups in the arylamides [ 15] . To complete our work aimed at correlating 35 CI NQR frequencies of the substituted N-phenylchloroacetamides represented by the general formula X y C 6 H 5 _ y NHCOR (where X = CI or CH 3 , y = 1 or 2 and R = CH 2 C1, CHC1 2 or CC1 3 ) with their chemical bond parameters, we have studied 35 C1 NQR spectra of several N-(methylsubstitued phenyl)-2,2-dichloroacetamides and hence intercorrelated the frequencies of all the substituted N-phenyl-2-chloro, 2,2-dichloro and 2,2,2-trichloro-acetamides and with their chemical bond parameters.
Materials and Methods
The substitutedphenyl dichloroacetamides were prepared from substituted anilines, dichloroacetic acid and phosphoryl chloride by a procedure similar to the ones described in [9, 15 -17] . The commercial anilines (Sisco Research Laboratories, India) were purified by either double distillation or zone refining. Pure samples of the respective anilines (2-methyl aniline, 3-methyl aniline, 4-methyl aniline, 2,3-dimethyl aniline, 2,4-dimethyl aniline, 2,5-dimethyl aniline, 2,6-dimethyl aniline, 3,4-dimethyl aniline, 3,5-dimethyl aniline, 2,4,6-trimethyl aniline; 2-chloro aniline, 3-chloro aniline, 4-chloro aniline, 2,3-dichloro aniline, 2,4-dichloro aniline, 2,5-dichloro aniline, 2,6-dichloro aniline, 3,4-dichloro aniline, 3,5-dichloro aniline, and 2,4,6-trichloro aniline) were treated with mixtures of dichloroacetic acid (Aldrich, Germany) and phosphoryl chloride under constant stirring. The resulting mixtures were slowly warmed to expel HCl. Excess of phosphoryl chloride was hydrolysed by adding cold water dropwise under ice cold conditions. Produced HCl was removed by treating with 2M NaOH. The separated solids were filtered under suction, washed thoroughly with water and dried. The substitutedphenyl dichloroacetamides thus prepared were recrystallised from ethanol several times.
The purity of the compounds was checked by elemental analysis (C, H, and N) and by determining their melting points (Table 1) . They were further characterised by recording their infrared spectra. All other reagents employed in the preparations and purification of reagents were of analytical grade.
CI NQR Frequency Measurements
Polycrystalline samples of the title compounds were employed. The 35 CI NQR of the ^(substituted phenyl)-2,2-dichloroacetamides were measured at 77 K. The spectra were registered by the continuous wave method with a superregenerative spectrometer. The temperature at the sample site was produced by a stream of temperature and flow regulated nitrogen gas or with a liquid nitrogen bath at 77 K. The temperatures at the sample site were measured by copper-constantan thermocouples to ±1 K. The resonance frequencies were measured via a frequency counter to an accuracy of 5 kHz. The latter accuracy was determined by the line width of the resonances, which was between 10 and 20 kHz. The parent compound N-(phenyl)-2,2-dichloroacetamide was also prepared, characterised and its 35 Cl NQR frequencies were measured under identical conditions for comparison purpose. In fact all the corresponding N-(chlorophenyl)-2,2-dichloroacetamides were prepared, characterised and their
Results and Discussion
The 35 Cl (cu) NQR frequencies of the parent and nine N-(methylsubstituted phenyl)-2,2-dichloroacetamides are shown in Table 2 . There was no problem in assigning the frequencies, as there are only C-Cl 35 C1 (u) NQR frequencies in all the ^(methylsubstituted phenyl)-2,2-dichloroacetamides. All the substituted amides, except N-(2,5-dimethylphenyl)-2,2-dichloroacetamide, show two cu-C-Cl frequencies in the range of 37.009 -38.014 MHz. N-(2,5-dimethylphenyl)-2,2-dichloroacetamide showed one u;-C-Cl NQR frequency at 37.50 MHz for the two chlorine atoms present in it. The two atoms may be crystallographically equivalent.
35 C1 (u?) NQR spectra of all the N-(methylsubstituted phenyl)-2,2-dichloroacetamides have been compared with the corresponding chlorophenyl dichloroacetamides. The comparisons are schematic- ally represented through line diagrams in Figure 1 .
Variations of the mean values of 7(
35 C1 (UJ) NQR) of the dichloroacetyl group with both the methyl and and chloro substituents in the phenyl ring are correlated with the difference between the frequencies (A7) of the substituted dichloroacetamide and the parent, N-(phenyl)-2,2-dichloroacetamide ( Figure 2 ). The correlation is exceedingly good, although there was no systematic variation of the frequencies with the substituents in the phenyl ring. Generally the electron withdrawing groups in the ring increased the 7( 35 C1 NQR) of u-C-Cl. Biedenkapp and Weiss [8] have deduced NQR substituent parameters (K;) for various groups (Table 3) solely from 7( 35 C1 NQR). Using these K, values listed in Table 3 (Fig. 3) , assuming additivity of the substituent effects. In the light of the fact that the effect of substitution is not immediately next to the uj-C-Cl bond and it has to be transmitted through the peptide linkage -NHCO-, the deviations are understandable. The deviation is also not systematic. This is due to the fact that the chemically equivalent chlorine atoms may exhibit different NQR frequencies due to crystal field effect [18, 19] . Further, the introduction of a steric parameter adds to the deviation due to steric inhibition of mesomerism [20] . Intramolecular hydrogen bonding may also partly contribute. The 35 CI NQR frequencies of all the substituted phenyl 2,2-dichloroacetamides are also correlated with Hammett a (Figure 4) .
Finally, 7(
35 C1 NQR) of all the N-(substituted phenyl)-mono-, di-and tri-chloroacetamides has been correlated through line diagrams ( Figure 5 ). The 35 C1 NQR frequencies of phenyl ring substituted 2,2-dichloroacetamides lie between the frequencies of the corresponding phenyl ring substituted monochloroacetamides and 2,2,2-trichloroacetamides, but there is no regular trend, probably because of crystal field effects. 
